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[57] ABSTRACT 

The invention provides novel precursor reagents used in 
production of imaging agents derived from apcitide. Imag 
ing agents made using the precursor reagents of the inven 
tion are useful for in vivo detection and diagnosis of 
thrombi. The precursor reagents of the invention may also be 
used in production of antithrombotic agents derived from 
apcitide. 

10 Claims, N0 Drawings 
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PHARMACEUTICAL COMPOSITIONS FOR 
IMAGING AND TREATING THROMBI 

The present invention relates to the ?eld of diagnostic 
imaging of thrombosis. More particularly, the invention 
relates to pharmaceutical compositions for imaging thrombi. 
The invention also relates to the ?eld of treatment of 
thrombosis, using medicaments produced from novel pre 
cursor reagents. 

BACKGROUND OF THE INVENTION 

Thrombosis and thromboembolism, in particular deep 
vein thrombosis (DVT) and pulmonary embolism (PE), are 
common clinical conditions that are associated With signi? 
cant morbidity and mortality. It has been estimated that in 
the US. approximately 5 million patients experience one or 
more episodes of DVT per year and that over 500,000 cases 
of pulmonary embolism occur, resulting in 100,000 deaths. 
It has also been estimated that over 90% of all pulmonary 
emboli arise from DVT in the loWer extremities. Anticoagu 
lant therapy can effectively treat these conditions if applied 
early enough. HoWever, such treatment is associated With 
risks (e.g. internal bleeding) that prevent unnecessary pro 
phylactic application. More advanced techniques of throm 
bolytic intervention (such as the administration of recom 
binant tissue plasminogen activator or streptokinase) can be 
used in acute cases, but these techniques carry even greater 
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risk. Moreover, effective clinical application of these tech 
niques requires that the site of the offending thrombus be 
identi?ed so as to monitor the effect of treatment. 

For these reasons, a rapid means of localiZing thrombi in 
vivo, most preferably using non-invasive methods, is highly 
desirable. In the past, contrast venography and compression 
B-mode ultrasound have been used to identify sites of 
deep-vein thrombosis; the choice of Which technique Was 
used depended on the expected location of the thrombus. 
HoWever, the former technique is invasive, and both tech 
niques are uncomfortable for the patient. In addition, these 
methods are in many cases either unsuitable or yield inac 
curate results. Current methods used to diagnose PE include 
chest X-ray, electrocardiogram (EKG), arterial oxygen 
tension, perfusion and ventilation lung scans, and pulmonary 
angiography. Apart from the latter (invasive) procedure, 
none of these methods is capable of providing an unequivo 
cal diagnosis. 

Recently, a 99'"Tc-radiolabeled peptide, apcitide, Which 
binds to the GPIIb/IIIa receptor on platelets, a component of 
thrombi, thereby providing an imaging agent speci?cally 
targeted to thrombi, completed clinical trials for scinti 
graphic imaging of acute DVT. A kit for making 99'"Tc 
radiolabeled apcitide, ACUTECTTM, is in the process of 
obtaining approval for sale as a radiopharmaceutical prod 
uct. ACUTECTTM is formulated With bibapcitide, the chemi 
cal structure of Which is set forth beloW. 





6,028,056 
5 

Bibapcitide and radiolabeling thereof are described in com 
monly assigned U.S. Pat. Nos. 5,508,020 and 5,645,815; in 
commonly assigned, copending U.S. Ser. No. 08/253,317, 
now US. Pat. No. 5,830,856; and in WO 93/23085; WO 
93/25244; WO 94/23758 and WO 95/33496. Commonly 
assigned WO 94/07918 discloses that bibapcitide may also 
be used in unlabeled form as an antithrombotic agent. 

Bibapcitide is a dimer of the monomer apcitide, Which is 
also disclosed in the above-identi?ed US. patents and 
application and international patent applications. The dimer 
bibapcitide is formed through a bismaleimide linkage of the 
carboXy-terminal cysteines of the tWo apcitide monomers. 
Monomeric apcitide has been compleXed With 99TcO, and 
the apcitide/99Tc complex has been characteriZed, in Zheng, 
et al., Abstract 336, 213th American Chemical Society 
Meeting, Apr. 13—17, 1997. 

SUMMARY OF THE INVENTION 

The present inventors have discovered tWo novel dimers 
of apcitide, bibapcitide monocarboXylate and bibapcitide 
dicarboXylate, Which are present in aqueous solutions of 
bibapcitide at pH greater than about 5. These novel apcitide 
dimers may be employed as precursors for production of 
99mTc-radiolabeled apcitide. 

In one embodiment, the invention provides a precursor 
reagent comprising bibapcitide monocarboXylate. 
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In another embodiment, the invention provides a precur 

sor reagent comprising bibapcitide dicarboXylate. 
In another embodiment, the invention provides a compo 

sition comprising bibapcitide monocarboXylate. 
In another embodiment, the invention provides a compo 

sition comprising bibapcitide dicarboXylate. 
In yet another embodiment, the invention provides a 

pharmaceutical composition comprising bibapcitide mono 
carboXylate and a pharmaceutically acceptable carrier. 

In another embodiment, the invention provides a phar 
maceutical composition comprising bibapcitide dicarboXy 
late and a pharmaceutically acceptable carrier. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The patent and scienti?c literature referenced herein 
establish the knoWledge available to those With skill in the 
art. The issued U.S. patents and alloWed applications are 
hereby incorporated by reference. 
The pharmaceutical compositions of the invention pro 

vide novel precursor reagents, bibapcitide monocarboXylate 
and bibapcitide dicarboXylate, for producing both imaging 
agents and antithrombotic agents derived from bibapcitide. 
The chemical structure of bibapcitide monocarboXylate is 

depicted beloW. 





6,028,056 
9 

The chemical structure of bibapcitide dicarboxylate is 
depicted below. 
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The presence of the free carboxylate groups affords the 
precursor reagents greater solubility than bibapcitide in 
aqueous media. For example, a comparison of the solubili 
ties of bibapcitide and bibapcitide dicarboxylate in 0.1 M 
phosphate buffer at several pH values, at room temperature, 
is shoWn in Table 1 beloW. 

TABLE 1 

Solubilities 

Bibapcitide Bibapcitide-(C007)2 

pH 7 <0.05 mg/mL 1.3 mg/mL 
pH 8 <0.05 mg/mL 1.3 mg/mL 
pH 9 <0.05 mg/mL 1.3 mg/mL 

Bibapcitide is available from Diatide, Inc., Londonderry, 
NH, USA. Bibapcitide may be produced, for example, 
using solid phase peptide synthesis as set forth in US. Pat. 
Nos. 5,508,020; 5,645,815; in US. Ser. No. 08/253,317 and 
in WO 93/23085; WO 93/25244; WO 94/23758; WO 
94/07918 and WO 95/33496. Bibapcitide is preferably pro 
duced at a pH of less than about 4 and isolated as the 
tri?uoroacetate salt. Bibapcitide tri?uoroacetate is solubi 
liZed using acetonitrile or ethanol and Water or an aqueous 
solution prior to formulation. For use in mammals such as 
humans, solubiliZation With ethanol and Water or an aqueous 
solution is preferred. 

Bibapcitide monocarboxylate and bibapcitide dicarboxy 
late are preferably produced from bibapcitide by raising the 
pH of the solubiliZed bibapcitide using a suitable buffer such 
as a phosphate buffer adjusted to the desired pH, as exem 
pli?ed in Example 1, or a bicarbonate buffer as disclosed in 
Example 2. Most preferably, bibapcitide monocarboxylate 
and bibapcitide dicarboxylate are produced by reconstituting 
lyophiliZed bibapcitide tri?uoroacetate With a buffer at 
physiological pH. Any buffer may be used to adjust the pH 
of the bibapcitide to produce bibapcitide monocarboxylate 
and/or bibapcitide dicarboxylate. For example, phosphate 
buffer, bicarbonate buffer, borate buffer, citrate buffer, sul 
fate buffer, and the like, may be employed to produce the 
precursor reagents of the invention. Alternatively, bibap 
citide monocarboxylate and/or bibapcitide dicarboxylate 
may be produced enZymatically, for example, using a hydro 
lase. Bibapcitide monocarboxylate and bibapcitide dicar 
boxylate may be isolated and puri?ed using knoWn methods, 
such as HPLC, as shoWn in Examples 1 and2. 

The stabilities of bibapcitide, bibapcitide monocarboxy 
late and bibapcitide dicarboxylate at a variety of pH values 
are set forth in Table 2 beloW. Stability is expressed in Table 
2 in terms of 95% stability time at room temperature. 

TABLE 2 

Stabilities 

pH Bibapcitide Bibapcitide-(COO’) Bibapcitide-(COO’)2 

<4 >5 hours minutes minutes 
4-5 1-5 hours 1 hour 1 hour 
5-6 1 hour >5 hours >5 hours 
6-7 minutes >5 hours >2 days 
7-8 minutes 1 hour >5 hours 
>8 minutes minutes 1 hour 

The precursor reagents of the invention may be provided 
in the form of a pharmaceutical composition. Preferably, the 
pharmaceutical composition of the invention comprises 
bibapcitide monocarboxylate or bibapcitide dicarboxylate. 
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More preferably, the pharmaceutical composition of the 
invention comprises bibapcitide monocarboxylate and 
bibapcitide dicarboxylate. Most preferably, the pharmaceu 
tical composition of the invention comprises bibapcitide 
monocarboxylate, bibapcitide dicarboxylate, and bibap 
citide. The amounts of bibapcitide monocarboxylate, bibap 
citide dicarboxylate, and bibapcitide in the pharmaceutical 
composition may vary in accordance With this embodiment 
of the invention. Commercially formulated bibapcitide, to be 
sold as ACUTECTTM, typically contains betWeen about 10% 
and about 50% bibapcitide monocarboxylate and betWeen 
about 3% and about 12% bibapcitide dicarboxylate. 
The pharmaceutical composition of the invention may 

further comprise a pharmaceutically acceptable diluent or a 
carrier such as species appropriate albumin. As used herein, 
a “pharmaceutically acceptable diluent or carrier” may 
include any and all solvents, dispersion media, antibacterial 
and antifungal agents, isotonic agents, enZyme inhibitors, 
and the like. The use of such media and agents for pharma 
ceutically active substances is Well knoWn in the art. For 
example, Sodium Chloride Injection and Ringer’s Injection 
are commonly used as diluents. The precursor reagent is 
formulated as a sterile, pyrogen-free, parenterally acceptable 
aqueous solution Which may optionally be supplied in 
lyophiliZed form and be reconstituted by the user. The 
preparation of such parenterally acceptable solutions, having 
due regard to pH, isotonicity, stability, and the like, is Within 
the skill in the art. 

The novel precursor reagents of the invention may be 
used to produce diagnostic or therapeutic agents derived 
from bibapcitide. Such agents include scintigraphic imaging 
agents for detecting and diagnosing thrombi, as described 
more fully in US. Pat. Nos. 5,508,020; 5,645,815; in US. 
Ser. No. 08/253,317 now US. Pat. No. 5,830,856 and in WO 
93/23085; WO 93/25244; WO 94/23758; and WO 95/33496. 
Bibapcitide monocarboxylate and/or bibapcitide dicarboxy 
late may also be used to produce antithrombotic agents, as 
set forth in WO 94/07918. The precursor reagents of the 
invention may also be employed to produce an antithrom 
botic agent comprising a targeting peptide derived from 
bibapcitide Which is covalently linked to a thrombolytic 
proteinase, as described in detail in copending applications 
U.S. Ser. No. 08/753,781 and US. Ser. No. 08/982,981. 
When a precursor reagent of the invention is used to 

produce a labeled diagnostic or therapeutic agent derived 
from bibapcitide, any signal-generating label may be used. 
Such labels may be incorporated into or complexed With a 
precursor reagent of the invention in any manner appropriate 
for the particular label, either by direct covalent or nonco 
valent linkage With the precursor reagent or by indirect 
covalent or noncovalent linkage thereto. Suitable labels 
include radioactive labels, ?uorescent labels, paramagnetic 
labels, heavy elements or rare earth ions suitable for use in 
computeriZed tomography, and the like. Radioactive labels 
are preferred. More preferably, y-emitting radionuclides 
such as 123I, 67Ga, 111In, and 99'"Tc, are used in the methods 
of the invention. Most preferably, 99'"Tc is used to label the 
precursor reagents of the invention. When 99'"Tc is used as 
a label, 99'"Tc is added to the pharmaceutical composition 
comprising bibapcitide monocarboxylate and/or bibapcitide 
dicarboxylate at a pH greater than about 5, and the resulting 
mixture is heated for a time and at a temperature sufficient 
to alloW formation of apcitide monomer and radiolabeling of 
said monomer. Preferably, the mixture of the pharmaceutical 
composition comprising bibapcitide monocarboxylate and/ 
or bibapcitide dicarboxylate and 99'"Tc is heated for about 15 
minutes in a boiling Water bath, to form a scintigraphic 
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imaging agent comprising 99mTc-labeled apcitide. 
Labeled or unlabeled thrombus imaging or antithrombotic 

agents produced using the precursor reagents of the inven 
tion are preferably administered intravenously, in combina 
tion With a pharmaceutically acceptable carrier, to a living 
mammal. In accordance With the teachings of this invention, 
imaging or antithrombotic agents produced from pharma 
ceutical compositions comprising bibapcitide monocar 
boxylate and/or bibapcitide dicarboxylate are preferably 
administered in a single unit injectable dose, in any con 
ventional medium for intravenous injection such as an 
aqueous saline medium, or in blood plasma medium. The 
amount of solution to be injected at unit dosage is from 
about 0.01 mL to about 10 mL. 

Diagnostic and therapeutic agents produced from phar 
maceutical compositions comprising bibapcitide monocar 
boxylate and/or bibapcitide dicarboxylate are preferably 
administered in a diagnostically or therapeutically effective 
amount to a mammal potentially at risk of a thrombus 
related disease state or suffering from such a disease state. 

As used herein, the term “diagnostically effective 
amount” means the total amount of each active component 
of the pharmaceutical composition of the diagnostic agent 
produced from bibapcitide monocarboxylate and/or bibap 
citide dicarboxylate, or the total amount of such composition 
administered in a method employing the diagnostic agent, 
Which is suf?cient to produce a measurable signal localiZed 
at an in vivo thrombus site. As used herein, the term 
“therapeutically effective amount” means the total amount 
of each active component of the pharmaceutical composition 
of the therapeutic agent produced from bibapcitide mono 
carboxylate and/or bibapcitide dicarboxylate, or the total 
amount of such composition administered in a method 
employing the therapeutic agent, Which is suf?cient to shoW 
a meaningful patient bene?t, i.e., reduction in the incidence 
and severity of thrombi as compared to that expected for a 
comparable group of patients not receiving the therapeutic 
agent, as determined by the attending physician. When 
applied to an individual active ingredient administered 
alone, the terms refer to that ingredient alone. When applied 
to a combination, the terms refer to combined amounts of the 
active ingredients that result in the diagnostic or therapeutic 
effect, Whether administered in combination, serially, or 
simultaneously. For example, imaging agents or therapeutic 
agents produced from bibapcitide monocarboxylate and/or 
bibapcitide dicarboxylate may be administered at a dose of 
from about 0.1 to about 10 mg/kg body Weight, administered 
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intravenously either totally as a bolus or partly as a bolus 
folloWed by infusion over 1—2 hours. When radiolabeled 
diagnostic or therapeutic agents are produced from bibap 
citide monocarboxylate and/or bibapcitide dicarboxylate, 
the unit dose to be administered has a radioactivity of about 
0.01 mCi to about 100 mCi, preferably about 1 mCi to about 
20 mCi. After intravenous administration, the thrombus site 
is monitored, in certain embodiments by radioimaging in 
vivo. 

Methods for making bibapcitide monocarboxylate and 
bibapcitide dicarboxylate are more fully illustrated in the 
folloWing examples, Which are shoWn by Way of illustration 
and not by Way of limitation. 

EXAMPLE 1 

Synthesis of Bibapcitide Monocarboxylate 

Bibapcitide tri?uoroacetate (100 mg) Was suspended in 10 
mL of acetonitrile (CH3CN), sonicated for one minute, and 
then diluted With 40 mL of Water (H2O). The peptide 
dissolved completely upon the addition of Water (H2O). To 
this solution Were added 40 mL of 0.05 M sodium phosphate 
at pH 7 causing the solution to become slightly cloudy. The 
peptide solution Was pH 7.2. The solution Was incubated in 
a boiling Water bath for three minutes Which resulted in a 
clear solution. HPLC analysis indicated the presence of 
bibapcitide dicarboxylate, bibapcitide monocarboxylate, 
and bibapcitide in approximate amounts of 26%, 54%, and 
14%, respectively. The reaction solution Was loaded directly 
onto a 47><300 mm Delta-Pak C18 column equilibrated in 10 
mM ammonium bicarbonate (NH4HCO3) adjusted to pH 
6—6.5 With solid C02 (Mobile Phase C). The column Was 
?ushed With Mobile Phase C for ?ve minutes folloWed by a 
gradient of 100/0 C/D to 90/10 C/D over ?ve minutes, and 
then 90/ 10 C/D to 80/20 C/D over 30 minutes (Mobile Phase 
D=10 mM NH4HCO3 in 75/25 CH3CN/H2O at pH 6—6.5). 
The HPLC buffers Were continually maintained at pH 6—6.5 
With solid CO2. Fractions Were collected based upon effluent 
monitoring at 220 nm. The fractions Were then analyZed by 
analytical HPLC and those found to contain pure (298%) 
bibapcitide monocarboxylate Were pooled and lyophiliZed to 
afford approximately 30 mg of bibapcitide monocarboxylate 
(30% yield) as the ammonium carbonate salt, a White 
poWder. NMR analysis of the bibapcitide monocarboxylate 
(20% CD3CN/80% H2O, pH 6, T=20° C.) so produced is set 
forth in Table 3 beloW. 

TABLE 3 

1H NMR Chemical Shift Data 6, ppm for Bibapcitide Monocarboxylate 

Amino Acid NH (amide) OL-CH Other protons in Amino Acid 

D-Tyrl 8.57 4.54 3.00 (CH2) 3.37, 3.43 (co_c_H,_s) 
6.85, 7.15 (aromatic) 

Apcz 8.45 4.49 2.81, 2.89 (CH2) 3.06 ($24012) 
2.50 (_s_c_H2) 
1.90 (CH2—C_Hg—CH2) 

Gly3 8.36 3.09, 4.90 
Asp4 8.40 4.63 2.67 (CH2) 
Cys5 8.33 4.46 3.00, 3.08 
Gly6 8.41 4.00 
Gly7 8.16 4.02 
cys8 8.30 4.61 2.95, 3.13 
Gly9 8.47 4.01 
Cysm" 8.25; 8.26 4.62; 4.64 2.93, 3.13; 

2.94, 3.14 
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TABLE 3-continued 

18 

1H NMR Chemical Shift Data (6 ppm) for Bibapcitide MonocarboXvlate 

Amino Acid NH (amide) OL-CH Other protons in Amino Acid 

AcmS'm 8.50 4.33 2.03 (CH3) 
Gly11 8.50 3.99 
Gly12 8.23 4.01 
Cys13" 8.31; 8.54 4.65; 4.52 3.25; 3.05 
C-terminal 7.65, 7.11; 
amide 7.60, 7.11; 

7.64, 7.19 

5 Ha 4.11, 4.08* 
Hb Hb 3.37, 335* 

HO 2.72, 2.69* 
H3 H0 cH2 5.12, 4.69* 

O N O 

/ 

H2C\ 
o 

5 Ha 3.66, 3.62* 
Hb Hb 2.86, 284* 

HO 2.62, 2.60* 
H3 H0 cH2 5.12, 469* 

NH 8.50, 8.63* 
HOOC 

HN O 
/ 

H2C\ 
o 

*Diastereomeric resonances 

EXAMPLE 2 

Synthesis of Bibapcitide Dicarboxylate 

Bibapcitide tri?uoroacetate (100 mg) Was suspended in 
?ve mL of CH3CN, sonicated for one minute, and then 
diluted With 25 mL of H20. The peptide dissolved com 
pletely upon the addition of H20. To this solution Was added 
one mL of saturated sodium bicarbonate (NaHCO3) and 0.5 
mL of 1 M potassium carbonate (K2CO3). The peptide 
solution Was estimated as pH 8.5 by pH paper. The solution 
became cloudy upon addition of KZCO3 but sloWly cleared 
over tWo hours at room temperature. After three hours the 
reaction Was found to contain 84% bibapcitide dicarboXylate 
as measured by analytical HPLC. The reaction solution Was 
loaded directly onto a 47><300 mm Delta-Pak C18 column 
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equilibrated in 10 mM ammonium bicarbonate (NH4HCO3) 
adjusted to pH 6—6.5 With solid C02 (Mobile Phase C). The 
column Was ?ushed With 100% Mobile Phase C for 5 
minutes folloWed by a gradient of 100/0 C/D to 90/10 C/D 
over ?ve minutes, and then 90/ 10 C/D to 70/30 C/D over 30 
minutes. The HPLC buffers Were continually maintained at 
pH 6—6.5 With solid CO2. Fractions Were collected based 
upon effluent monitoring at 220 nm. The fractions Were then 
analyzed by analytical HPLC and those found to contain 
pure (298%) bibapcitide dicarboXylate Were pooled and 
lyophiliZed to yield approximately 54 mg of bibapcitide 
dicarboXylate (peptide content 86%, isolated yield 53%) as 
the ammonium carbonate salt, a White poWder. NMR analy 
sis of the bibapcitide dicarboXylate (20% CD3CN/80% H2O, 
pH 6, T=20° C.) so produced is set forth in Table 4 beloW. 

TABLE 4 

1H NMR Chemical Shift Data (6 ppm) for Bibapcitide DicarboXvlate 

Amino Acid NH (amide) OL-CH Other protons in Amino Acid 

D-Tyrl 8.53 4.53 3.01 (CH2) 3.39, 3.42 (co_c_H2_s) 
6.86, 7.17 (aromatic) 

A1562 8.37 4.51 2.83, 2.91 (CH2) 3.06 (QQ—NHZ) 
2.51 (_s_c_H2) 
1.92 (CH2—C_Hg—CH2) 

Gly3 8.34 3.88, 4.09 
Asp4 8.37 4.66 2.75 (CH2) 
Cys5 8.30 4.45 3.00, 3.08 
Gly6 8.35 3.98 
Gly7 8.10 4.01 
Cys8 8.27 4.61 2.97, 3.14 
Gly9 8.41 4.00 
cys10 8.21 4.63 2.96, 3.14 
Acm8'1U 8.45 4.33 2.03 (CH3) 
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TABLE 4-continued 

20 

1H NMR Chemical Shift Data (6 ppm) for Bibapcitide DicarboXvlate 

Amino Acid NH (amide) OL-CH Other protons in Amino Acid 

Gly11 8.47 4.01 
Gly12 8.18 4.00 
Cys13" 8.30; 8.50 4.54; 4.53 3.15; 3.09 
C-terminal 7.63, 7.05; 
amide" 7.58, 7.05 

S H Ha 3.70, 3.67" Major hydrolysis 
b Hb 2.86, 285* product (>80% by 

HC 2.63, 2.62" NMR 
H3 H0 cH2 4.68 

NH 8.54 
HOOC 

HN O 
/ 

H2C\ 
O 

S H Ha 3.78, 3.75" Minor hydrolysis 
b Hb 2.89, 288* product (<20% by 

HC 2.69, 2.67" NMR 
H3 H0 cH2 4.73, 4.72* 

COOH NH 8.80, 8.74" 
O 

HZC 

O 

"Diastereomeric resonances 

30 

It should be understood that the foregoing disclosure 
emphasizes certain speci?c embodiments of the invention 
and that all modi?cations or equivalents thereto are Within 
the spirit and scope of the invention as set forth in the 
appended claims. 
What is claimed is: 
1. A precursor reagent comprising bibapcitide monocar 

boXylate. 
2. Aprecursor reagent comprising bibapcitide dicarboXy 

late. 
3. A composition comprising bibapcitide monocarboXy 

late. 
4. The composition of claim 3, further comprising bibap 

citide dicarboXylate. 
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5. The composition of claim 4, further comprising bibap 
citide. 

6. A composition comprising bibapcitide dicarboXylate. 
7. A pharmaceutical composition comprising bibapcitide 

monocarboXylate and a pharmaceutically acceptable carrier. 
8. The pharmaceutical composition of claim 7, further 

comprising bibapcitide dicarboXylate. 
9. The pharmaceutical composition of claim 8, further 

comprising bibapcitide. 
10. Apharmaceutical composition comprising bibapcitide 

dicarboxylate and a pharmaceutically acceptable carrier. 


